Promoting new solutions and design methods in the building industry can be a challenge. Generally, the building industry today is developing through experience-based knowledge, which means that changes are applied in a slow and time-consuming way. Such learning curves are in great contrast to the fast changes following from the Energy Performance of Buildings Directive (EPBD), according to which EU Member States are facing new, tough challenges when moving toward new and retrofitted nearly zero-energy buildings by 2018 and 2020. 1 In Denmark, the building regulations have been tightened every fifth year since 2005, and different voluntary approaches and schemes such as passive houses, active houses and sustainability schemes are being applied at a rapidly increasing level every year. Especially, sustainability certification schemes experience growing popularity. 2, 3 In 2010, Green Building Council Denmark 4 was found and Denmark has established its own sustainability certification scheme based on the DGNB (the German Sustainable Building Council) certification scheme. 3 No matter which approach, this calls for a steep learning curve.
The increasing demand for sustainable buildings sets up new requirements for the ways in which we cooperate in the building industry and how the design process is operated. Therefore, the study of the design processes is important. In general, knowledge about the decision-making and design process (DMaDP) is important for us to constantly improve our design approaches and design buildings on a more qualified foundation, resulting in higher quality. A conventional design process is already highly complex as exemplified by Bryan Lawson:
As well as letting in daylight and sunlight and allowing for natural ventilation, the window is also usually required to provide a view while retaining privacy. As an interruption in the external wall the window poses problems of structural stability, heat loss and noise transmission, and is thus arguably one of the most complex of building elements.
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Due to requirements to energy use, the control of indoor environment has been tightened due to the EPBD and due to the growing demand for sustainability assessment, the complexity of the design process is increasing even further. The general perception is that the 'traditional design process', where the architect solely designs the layout and expression and decides the materials of the building, followed by an assessment/documentation of the building by the engineer, cannot facilitate this complex task. In response, design processes with an integrated design approach have been developed; -an approach that can deal with the higher levels of complexity as well as to assure quality in the built environment, both technically, functionally and aesthetically. 6, 7 Some research shows a tendency towards more integrated approaches than earlier; however, there is still room for improvement, as demonstrated through case studies of the Comfort Houses 8 and the case studies of the Healthcare Centres. 9 We need to become better at operating very complex design processes, and due to the growing popularity of certification schemes like DGNB, 3 it is important to find out how DGNB comes into play in an already highly complex design process.
Investigations of the design processes in four case studies -four Danish DGNB-certified healthcare centres -show that the architectural design has been taken too far in the initial design phases without analysing and documenting several DGNB criteria. 9 This questions the quality of sustainability in the overall concept as it creates a 'point of no return', which means it is not possible to prioritise the assessment points in the certification scheme, when needed. Furthermore, it confirms the importance of multidisciplinary collaboration, including the DGNB consultant, from the early design stages. That study asked for further investigations of the DMaDP in DGNB projects on a more common level to possibly verify findings on a more general level. A questionnaire survey investigated the DMaDP among a larger number of respondents, thereby covering a wider variety of projects and levels of experience with the DGNB assessment scheme and it was presented in a conference paper at the 'Passive and Low Energy Architecture', PLEA 2017. 10, 11 The questionnaire was distributed to 324 Danish DGNB consultants, where 58 responded. The size of the sample is too small to generalise; therefore, conclusions would be indications of tendencies in experiences with the operation of DMaDP using DGNB certification schemes. 10 The aim of the questionnaire was to gather knowledge about the DMaDP, when using DGNB certification scheme. Topics like experience with the DMaDP in regard to stakeholders involved in different phases, documentation process and time consumption were covered. The responses regarding the documentation process are relevant in this discussion, as they indicate to what extent specific topics are considered, particularly in the early design stages where the main architectural concept is established. Not all criteria from the DGNB assessment scheme were covered in the questionnaire in order to minimise the time spent on answering it and to focus on criteria especially linked to the architectural form concept and expression. The key topics are: lifecycle assessment (LCA), lifecycle cost assessment (LCC), energy use, thermal and atmospheric comfort, visual comfort (daylight) and building integrated art.
The decision-making in an integrated design process is ideally supported by evaluation and/or documentation of key topics to estimate whether the design is moving in the right direction or not.
6,7 Table 1 shows how respondents estimated the submitted documentation for the assessment of different topics in various phases. They can select more phases for each topic. The higher proportion of green colours in the diagram, the earlier the topic was evaluated and thereby expected to be an integrated part of the architectural Table 1 . Documentation of topics in different phases.
LCA: lifecycle assessment; LCC: lifecycle cost assessment. Note: The colours in the pie chart equal the phases, and the size of the slice shows how much the topic has been documented. design of the building. LCA and LCC are only to a limited extent documented in the early phases, instead more than 35% of respondents answered that LCA and LCC are documented in the construction phase, where the building design is completed. Equally, about 35% also answered that LCA and LCC are documented in the project design phase, where the design is more or less fixed. However, a few elements like, e.g. materials included in the design are still changeable. This means that the concept is not fully holistic in its nature, and there are potentials for optimisation concerning both points in DGNB assessment and the architectural qualities can be missed. Choice of materials is closely linked with the architectural qualities as regards to aesthetics and perception but is also linked with the building's physical performance and the indoor environment. Topics like energy use, thermal comfort and daylight are well documented in all phases with a small predominance of the project design phase. In particular, evaluation of energy use has become an increasingly common part of the earlier design process, as the building regulations in regard to energy use have been continuously tightened every fifth year in Denmark. Compared to studies of design processes in a Danish context done years prior to this, 8, 12 the thermal comfort in these cases has been documented quite well in the earlier design stages, showing that the awareness and importance of especially thermal comfort have matured in the building industry in Denmark. Additionally, the indoor environmental requirements have recently (July 2016) been included in the current building regulations, which means that the design team now must document the indoor environment in order to receive building permission. 13 To summarise, when describing the process of today you could claim that the design process runs in two parallel tracks: (1) The conventional design process (CDP), which concerns architecture and digital models, e.g. BIM (the Building Information Modelling); and (2) The sustainability assessment process (SAP), which concerns the design and optimisation of the building through a sustainability certification scheme. Many practitioners in the building industry still consider sustainability certification as an extra layer of unnecessary documentation and costs. Could it be a vision to develop a more efficient, sustainable design process through integration of CDP and SAP, perhaps by an interoperability between the BIM model and the design tools for sustainable buildings?
Since new buildings have minimised the energy use for operation, the embodied energy in the construction is of increased importance in the environmental account but the necessary LCA calculations can be comprehensive to complete.
14 This field is rapidly developing; e.g. the Danish Building Research Institute 15 has developed LCA light tools to be used in the earlier stages of the design process. Followed by the work of Marsh et al., 16 results show the possible development of simplified embodied carbon tools, called LCAP Tool (LCA Profile Tool), which provide a greater precision on the background of using few generalised parameters in the early design process. The tool uses simplified geometric models, which estimate areas of building components based on limited geometrical input data and have a selection of suitable building components from a database containing embodied carbon results for a very large number of pre-specified and pre-calculated building components. The tool is easy to use, allowing quick, parametric modelling within minutes. This compares to the many hours typically needed to input data into traditional, more detailed tools. The results indicate a margin of error of only 5-10% compared to traditional, detailed tools. 16 At the time of writing, students from the educations of Architecture at Aalborg University are testing the tool on apartment buildings and are now taking the step from the LCAP tool to a full LCA calculation with all parameters included. The first results show impressive accuracy of the LCAP, which, with its simple approach, guided the students towards a more sustainable optimised solution considering shape, construction and materials. 1 The Danish Transport, Construction and Housing Authority is about to implement a voluntary sustainability class in the building regulations where LCA documentation is a central part, among others. 17 Perhaps within a few years, this will become a mandatory part of the Danish building regulations like it is already in Sweden today. Only the future will show, but the industry is ready for more sustainability, and the number of certified buildings in Denmark is increasing rapidly, so the road for more sustainability in the sector seems paved. Now the challenge is to find out how we could make the process smoother and easier for the design and construction of even more sustainable architecture.
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